Left-sided gallbladder is a rare anatomical variation. Usually it is discovered intraoperatively and is accompanied by anatomic variations that can prove quite challenging during laparoscopy. PRESENTATION OF CASE: From a total of almost 3000 laparoscopic cholecystectomies performed in our institution, two cases of left sided gallbladder were unexpectantly identified intraoperatively. There were no indications for the ectopy preoperatively. In both cases modifications of the standard laparoscopic technique were mandatory. They were performed safely with no post-operative complications. Modifications consisted of transposition of the subxiphoid entry port and alteration in the direction of traction of the rest of the graspers. A review of the literature for methods of safe laparoscopic cholecystectomy was conducted. DISCUSSION: The surgeon must be aware of the anatomic variances in the rare occasion of a left sided gallbladder, since preoperative diagnosis is very difficult. CONCLUSION: Knowledge of potential hazards and modifications of laparoscopic technique is mandatory in order to avoid complications.
Background
A left-sided gallbladder can either occur as part of situs inversus, or as a true gallbladder malposition. A true malposition of the gallbladder is very rare. Malposition can be either medioposition, or sinistroposition (true left-sided gallbladder). In medioposition, the gallbladder is displaced medially to lie on the undersurface of segment IV but is still on the right side of the round ligament. In sinistroposition, the gallbladder lies under segment III, to the left of the round ligament. 1 Although major issues arise from this anomaly during liver surgery and transplantation, it can cause significant problems, which can lead to complications and morbidity during laparoscopic cholecystectomy, as well, as biliary tract and arterial anomalies are described in these situations. 2 It is therefore quite important for the surgeon to be able to recognize this anomaly early, in order to be able to set the laparoscopic ports accordingly and anticipate possible biliary and vascular anatomic variations and prevent complications. We present two cases of patients that were found intra-operatively to have left sided gallbladders during laparoscopic cholecystectomy. After performing a brief review of the literature we propose strategies for intra-operative diagnosis and safe management of this rare entity.
Technique presentation
From a total of almost 3000 laparoscopic cholecystectomies performed in our institution during the period 1990-2012, we unexpectedly identified two cases were the gallbladder was situated to the left of the ligamentum teres. Both patients were preoperatively submitted to abdominal ultrasound which revealed gallbladder stones, but no evidence of ectopy, even after postoperative cross-examination of the images (Fig. 1) .
After the placement of the trocars the gallbladder was not identified in its usual position, while careful inspection located the gallbladder to the left of the ligamentum teres (Fig. 2a) . The subxiphoid trocar was re-introduced to the left of the round ligament through the same skin incision (Fig. 2b) . The right midclavicular trocar was passed under the round ligament and was used to retract Hartmann's pouch caudad and medially, while the right anterior axillary trocar was passed under the round ligament and was used to retract the gallbladder fundus cephalad and parallel to the round ligament towards the left clavicle (Fig. 2c ). Calot's triangle was dissected revealing a cystic duct entering the common bile duct from the right (Fig. 2d) .
Cholecystectomy was carried out with no intra-operative complications.
Discussion

Embryology
Apart from situs inversus, two types of left sided gallbladder exist. In the first place the gallbladder is formed from the hepatic diverticulum normally and after its development it migrates to the left of the ligamentum teres and is attached to the left side of the undersurface of the liver. 3 In this case, the cystic duct joins the common bile duct from the right side. The second type of left sided gallbladder is when the hepatic diverticulum does not form a normal gallbladder and an ectopic one is formed originating from the left hepatic duct. 2 
Accompanying anatomic anomalies
Left-sided gallbladders have been associated with anomalies of the portal vein, the biliary tract and atrophy of segment IV. Segment IV atrophy has been reported, however there are authors challenging this hypothesis, reporting that segment IV is embedded in the right hemiliver which in turn is relatively hypoplastic. There are no studies addressing possible association with anomalies of the hepatic artery, although in general the artery follows the course of portal vein branches. 4 However, the cystic artery originating from the right hepatic artery, which lies to the right of the common bile duct, crosses it from right to left to insert on the gallbladder. 5 An attempt to dissect the cystic artery too close to its origin may lead to common bile duct injury.
Portal vein anomalies have been categorized in three groups.
(1) The trifurcation type, (2) the bifurcation type and (3) other variations. Although these variations can be very important in liver surgery and in liver transplantation, 6 they are of limited interest during laparoscopic cholecystectomy.
However, bile duct anomalies have a major role in the morbidity of cholecystectomy in these patients. There have been reports showing connection of the gallbladder to the right 7 or left hepatic duct via the cystic duct or accessory bile ducts, 8, 9 or confluence of the common bile duct and the cystic duct from the right or left of the common bile duct. 10 In addition, duplication of the bile duct has been reported in a case report of left sided gallbladder, 11 as well as bile duct confluence situated in the umbilical fissure to the left of the umbilical portion of the portal vein. 5 Moo-Young et al. support that this type of anatomic variation can be quite treacherous in performing laparoscopic cholecystectomy, reporting a very challenging case of common bile duct reconstruction after injury that occurred during laparoscopic cholecystectomy.
Intra-operative management
A review of the literature was conducted searching PUBMED and SCOPUS electronic databases. A search was made with the keywords "left gallbladder AND cholecystectomy", "left AND cholecystectomy", "left AND gallbladder", "sinistroposition AND cholecystectomy", sinistroposition AND gallbladder" and "sinistroposition AND laparoscopic". Studies reported on patients with true left sided gallbladder (sinistroposition), in the absence of situs inversus, that were operated laparoscopically were included in the review. Studies in languages other than English were excluded. In addition, we excluded studies were there was no full-text available or if there was no description of the technique used. The flowchart according to the PRISMA guidelines is depicted in Fig. 3 .
A total of 135 studes were found in our search. Of them 111 were excluded as being irrelevant with our study subject or according to the exclusion criteria. Twenty four studies met the inclusion criteria. Access to full text articles was not available in 6 of these studies. Eighteen studies were finally included and they were fully revised in order to group them according to the laparoscopic technique used. Twelve studies had detailed description of the technique used during the operation.
The feasiblility of laparoscopic cholecystectomy has been confirmed in several case reports and small patient series with left sided gallbladder and various laparoscopic techniques have been described in order to facilitate left sided laparoscopic cholecystectomy. 7,12-23 Wong et al. 9 suggested that the gallbladder retracting port should be placed more medially and the right-hand operating port should be placed to the left of the midline. He used the falciform ligament as a lift in order to facilitate gallbladder manipulation in accordance to Idu et al. and others. 10, 14, 15, 17, 21, 22 This technique can prove to be quite useful, as it does not distort the usual angle used by the instruments to apporach the gallbadder and Calot's triangle. However, some of the ports are arranged in different positions than the conventional setup and this can prove to be inconvenient when the trocars have already been placed in the anticipation of a gallbladder in the normal position. Others used a "mirror image" setup compared to classic trocar positioning with the trocars placed to the left of the midline. 9, [18] [19] [20] 23, 24 We believe, that this technique has the disadvantage of performing the operation in a completely different angle than the conventional cholecystectomy technique. This may prove to be dangerous, especially for less experienced surgeons, as this disadvantage is added to the fact that patients with sinustroposition of the gallbladder also have other biliary and vascular anatomic variations. Finally in the mirror image technique the operating room setup should also be re-arranged. Reddy et al. 1 placed the patient in the lithotomy Table 1 Stratification of studies according to technique used.
Study
Technique used Matsmura et al. 18 , Zografos et al. 19 , Alharthi et al. 20 , Yu et al. 23 , Wong et al. 9 Mirror image port setup-non conventional port entry setup Reddy et al. 16 , Kawai et al. 21 , Yu et al. 23 Fundus first dissection Donthi et al. 13 , Mulvey et al. 15 , Reddy et al. 16 Placement of additional ports Hopper et al.
14 , Mulvey et al. 15 , Bender et al. 17 , Kawai et al. 21 , Makni et al. 22 Use of existing port sites with manipulation of falciform ligament Mulvey et al. 15 , Reddy et al. 16 , Zografos et al. 19 , Yu et al. 23 Different patient poitioning Bender et al. 17 , Matsmura et al. 18 , Alharthi et al. 20 , Kawai et al. 21 , Makni et al. 22 Intra-operative cholangiography position after the idetification of a left sided gallbladder in the supine posotion, using accessory ports in the left subcostal region in combination with the classic French setup and performing retrograde dissection of the gallbladder. Their technique introduces an additional port and also involves repositioning the patient, which is time consuming. Matsumura et al. 25 used the typical American configuration and performed cholecystectomy normogradely in order to obtain an optimal view of Calot's triangle. In addition he found that a subxiphoid port to the left of the round ligament facilitated manipulation of the gallbladder allowing to relocate the gallbladder to the right of the common bile duct. On the other hand, Reddy et al., as well as others, suggested the use of the antegrade approach in order to well visualize the structures. 12, 16, 21, 23 The antegrade or normograde approach should alternatively be used according to the operative findings, as is the case in a laparoscopic cholecystectomy for a gallbladder in the normal position. It should really depend on safety considerations and the presence of severe inflammation that does not permit safe identification of structures in Calot's triangle. In any other case, the performance of the "critical view" technique should make the operation safe, without the routine use of a normograde approach.
Finally, Moo-Young et al. suggest that in cases of true left-sided gallbladder identified during cholecystectomy the probability of biliary injury is substantial, especially in the presence of even moderate inflammation. Their recommendation is conversion to open cholecystectomy, or even referral to a tertiary hepatobiliary center after the insertion of cholecystostomy tube. 5 A stratification of the studies used in this review according to the various techniques proposed are shown in Table 1 .
In both our cases the gallbladder was identified as ectopic after all trocars were inserted at the standard sites. According to the experience gained from the above described cases it is our suggestion that elevation of the lower edge of the liver through the subxiphoid port must be performed prior to the insertion of the midclavicular and anterior axillary trocars, in order to verify the usual position of the gallbladder, especially when the fundus is not visible without the above maneuver. If this maneuver fails to identify the gallbladder, the surgeon must attempt to locate it in other usual sites of gallbladder ectopy, including under the left hemiliver. After the localization of the ectopic gallbladder, the midclavicular and anterior axillary trocars should be placed accordingly.
In cases of left sided gallbladder, the subxiphoid trocar should be relocated to the left of the round ligament in order to safely dissect the cystic duct and artery in the hepatoduodenal ligament, avoiding the round ligament, especially when it is enlarged. In both our patients all the trocars had already been placed in the usual positions when we identified the left sided gallbladder. Consequently, we used the anterior axillary trocar to elevate the fundus of the gallbladder, passing it inferior to the round ligament and pushing the fundus cephalad and parallel to it. Through the midclavicular port the Hartmann's pouch was retracted laterally and caudad in order to pull the cystic duct away from the common bile duct, spreading Calot's triangle. The advantage from this technique is that the surgeon performs the choelcystectomy without major modification to the entry sites of the trocars. Consequently, there is little variation to his usual technique, thus limiting difficulties that can be the result of using a trocar geometry to which he is not accustomed to, as is the case with mirror image trocar placement technique. However, this technique does not overcome the difficulties that might arise from anatomical variation in Calot's triangle. The knowledge and anticipation of these variations are of great importance to the surgeon, in order to identify their existence early and avoid complications.
Conclusion
Left sided gallbladder without situs inversus is very rare. Clinical suspicion is of no value, since symptoms and clinical findings are not specific and the radiological exams routinely used fail to depict the anomaly. The ectopy is diagnosed mainly intraoperatively in cases of laparoscopic cholecystectomy. Using specific operative strategies can be the key to a successful and safe management of these patients.
